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i HL T 0 LB B 5 T P T 22 M IR A, LA FRL 4R 71 T (Fusarium oxyspor um) i 48 7 B8 k47 4=
YIEPEIB B, Gl AT E AT« BERCATJE BT B e FE WO A (HPLC)X & YR B it A7 o s Fnafifk, fdi ]
TR JTTI FH v A FE B4 . 500 MHz A% i e PR U %A LA 18] — 8 e i A e i ) I Ak i [ 4551 ]
IMS002 2 4] %8 % 15 7™ — 3R % % 141 (Sreptomyces ambofaciens) B 8L YR G 5, HUR AT AR
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B B9 %5 T (Phytophthora capsici) . K 0% 25 B
(Phytophthora sojae)% Borrelidin gl #¢ m01
i T Borrelidin X Z FiE ) S N AR I L ) HA
R RSN T TSP, UERH A ORI R B L 259
HE R 1. JF60%k 7] TR (Fusarium  oxysporum) &
5 A AR AR I — R LA B E, &5
EAEEMZRN AN, A 19 e R BLE,
B BN B A TR B S K e i 2 — 1 e e
[ 2 645, FEEPuitkas, /e H3EP LTS 30
., SHEEELTEYA FERGRI G EEN, AR
SCSEG R, S AT DR AF Y — bR BE A TS
IMS002 XF 4 f1 i T TR B AT RAF AR ROR , X 1
R =t — 5 Ay B A 5 X U S LR AT
HLAH F ke 230 B T 4 9 49 B A Borrelidin,

L AR

11 et

111 b SEFE IMS002 438 H E KRR ER+
B, T-20 °C RAFTALR %, RAHRIIH
(Fusarium oxysporum) CGMCC3.2830, 43K [ [
30 A ) TR R PR R

1.1.2  IEFRELBEAT I IMS002 7 fu b 3 5L MS (H
L 20 g/L, BEEY 20 g/L, EE 15 g/L), 4
B WA SR AL YEME (BEBERY 3 g/L, REHEN
S g/, FZZEMHERM 3 o/L, JEME 340 g/L, H
A 10 g/L), HERE R TEFD 135 R AL (AT T Ve Ay
24 g/L, FINE 3 /L, EANE 1 g/L, BEEERY S g/L,
KEEMM 3 g/L, CaCO;s 4 g/L, pH 7.0), S5
KB FRIL(H S PR 20 /L, KREEAN 2 ¢/L,
NS 20 g/L, FIVEMEVER S /L, BEER 2 /L,
NaCl 4 g/L, K,HPO; 0.5 g/L, MgSO,-H,0 0.5 g/L,
CaCO; 2 g/L)™"*1, PDA Rig% SL(HIF FLTA A 55 37)

45200 g/L, iz 20 /L, g 20 g/L; PDB
BRI T HEREWAE 7)) 8 15200 ¢/L, #i4g
Wi 20 /Lo FH T 5 TR B 36 1 35 7R S0 4

AW ARG IR, VER KA SRAE, 2R 40K
fRREFRIE , BB RE 753 , i Ak S0 2R B RS
1.13 FEEFIFULES: St BiHEE(OLYMPUS),
B BEA Y & SR T BB (H A Hitachi
SUB010), AEMHEJZMr( BirAb 1), BERAEZE
Mr (5 [E 1 ] GE Sephadex LH-20), 4= H il £ %!
o %0 HE 5,35 X (Agilent 1100 Series HPLC),

AGILENT & & 8% T { (AGILENT 1200HPLC/
6520QTOFMS). 500 MHz ¥ 5 &5 2 Hei% g 1%
1% (Bruker AVANCE III), [5] — & 56 3% A% (3%
Applied Photophysics Ltd), §E7&7& Z{L(EYELA).

12 WEREBE

PR BERE A IMS002 17T MS Bige |,
28 °C 557 7 do MR FARIZHCEAR N 8 mm 1Y [BIE
PR T 10 mL 6585 5 R R 735975, 28 °C.
200 r/min PR35 EEFE 48 h, DL 2.5%AFERN A FRE)
50 mL BEFRE R KB SR AL, 28 °CL 200 r/min #R
Vi IR HE 168 h,
1.3 FEERBRFME
131 ZERERST: HEFBEEEE IMS002 1
T YEME §i3e 8k, 28 °C ki diat 2d, A
WA TR AR A 4 B 7R DNA il 4617 4R BUZ
ML 4] DNA, JFE ) SNBSS TII0E . Pk
PR AR EE I 2 DNA AR , SR AR 1 s Wit s
PCR 4734, M4 14 7 Wik B G MER A IR 2 H]
AEEFO)HEATI, 3745 16S tDNA (MK583689).
ATP 4 i b 7 353 [H (atpD)(MK607456) . DNA fi#t
JiE it 35 Pl (gyr B) (MK 607457) . T 2H Jifi 3£ [H] (recA)
(MK607458). RNA 4G b 3K (rpoB)
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Table 1. Primers used in this study

Primers Sequences (5'—3')
16S-F AGAGTTTGATCCTGGCTCAG

16S-R CTACGGCTACCTTGTTACGA

atpD-F ATGACCACCACTGTTGAGACCGCGA
atpD-R TCAGGAGACGCCCAGCTCCTTGGCG
gyrB-F GTGGCCGATTCCGGCAACCCCAACG
gyrB-R TCAGATGTCGAGGAAGCGGACGTCC
recA-F ATGGCAGGAACCGACCGCGAGAAGG
recA-R TCAGCTCTTGGCCGCCGCGGCCTTG
rpoB-F TTGGCCGCCTCGCGCAATGCCTCGA
rpoB-R TCAGACCTCTTCGACGCTGCTCGGC
trpB-F ATGCCCAGCAACTTCTTCGTCCCCG
trpB-R TCACTTGACGTCCCCCTCGATCTCG

(MK607459) . o 2 R & BB b 7 3% 35 A (trpB)
(MK607460), T HERE AR A %E0E . KX et
P8 TR , #2282 NCBI HiY GenBank
Bt 64T BLAST 2347 XS o FIH] MEGA 6.0 %
16S rDNA #1 5 MA[AZEEK (atpD, gyrB, recA,
rpoB, trpB)R IR T4k T 2 5 P41 Lu X oA,
i Neighbor-Joining LM HE R G LT -
1.3.2 FAHHBEEWE: EAEEERE IMS002 1+
T MS i hk BREgR, EEBUER 72 h YRR, Bl
MUZE 3 NI KA 5 mm (TR, () 2.5%
I A TRE G 1 E o A R TR [ R e
Vet e, RIR VR T 2 ho XPRE SR UEA P 42 Ak
PS, A G B R A L B (H A
Hitachi SU8010)#EA 74 i 2 11 M A5 F WL
1.4 KEE=YIXTISHIGR T TR B0 TR 1 A
RIS TI WA T 50 mL PDB 35k
Hr, 28 °C, 200 r/min FEFHHEFE 48 h J5, 5 1%
PDA il i VAR, FFEER TR IMS002 &M |
AR HEAR 1 (100 pL/AL) . 75 28 °C IR 7R 4%
TR, XPHECEARE TR SR, 72 h JE AT RL
R B HFOGEMEIMEE ER, EARR
R V3 (R P B e S
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15 MEEEEEYERL R mEE

1.5.1 HETEHEYI R MBI HRE : 55 IMS002
K168 h ), A EIHWK, MLMROBRZER 2 d
J& . FBEREZE RARAAA AR, AR ORE TEY 5T
LAY, M1 mL PR FARRY), TRl
AR (41572 (High performance liquid chromatography,
HPLC) 43 #7 o 43 M1 45 18 = 4 B B0 68 3% 41
XBridge™ Cis (4.6 mmx150 mm, 5 pm), &%
{63 # >~ ThermoHypersil GOLD aQ (250 mmx
10 mm, 5 pm); WENHHHI1H 0.1%H I ER(A) 5
100% HY /B (B) o #6 J& Uk B #2 % : 0-30 min
(20%-100% B), 30-40 min (100%B), 40-45 min
(100%—20% B); iw# A 1 mL/min, FEIR K 40 °C,
i K405 A 254.16.,210.8,230.16,280.16 nm.,
TR, PHEEAR 5 Lo 40 BURE i : 010 min
10-20 min. 20—40 min 430 8] BE3EA 70 W I I 42
W53, XTI A T RS PR A . X A
TV I 25 LR 40 FATE 2 R A A TR 4, PRI
PG HENE , R A MRS &
Pratifi

152 TEEYBEAEEREREN: EH] 50 pm ODS
FAHERHIETE 60 cm*2.6 cm BEES JZHAE, F 2 mL
IR % 9 g IGVERLER Y, JF 5 /0 & SOM SERL
TPHERE, AR IR TRR . (8 30% H BT fiiy
SEFURE, WEASHEA RS BRI o A S I BIAE
FT¥ ODS ¥ Ko BEEVER: DL 30%.

40%. 50%. 60%. 70%. 80%. 90%. 100%[#H
BE4 400 mL, BEABEEES PRI . I EAB R
(AR 4l i 1 O B X B 2E4 T HPLC 437 o

153 TEHYRMBEKHEZEN: %M Sephadex
LH-20 i —20 3 BTG R 2 43 o DL 3 s — R Y 2 8
11, B 5 mL ER—4di8a . —JLldET
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45 LHIAY . Gl 1-45 S, LR SCHnR i
ali i AR, 64T HPLC 434, i 6 55 7%
AR 3 TG PE L 43, HAl R & Al T 45 5 0E .
WA R, 152 45 mg [SRSEN

154 TEHYRMEHERE : BOAHE Bt
orbitrap fusion [ JBTIHE FH =1 0 BE BT IS4, XT 6 Fl
7 SRR 3 AT 4011 0 A o R TR PN I X 4 o i
11, R Avancelllf) 500 MHz & REL4R
Ao i F Chirascan F 18 — £ 5354806 4l i 1) 7 FY
REVS AT LU 31 o

2 HERFH

2.1 ZEHEREIT

FATiE T 16S rDNA JEATHI R4, K
BERE P IMS002 5 2% 1) (K 4% % 1A (Streptomyces
rochel) Al fi /N5t B 7 (Streptomyces parvulus) 3% Z¢
KAEHARIT, it —E 1 IMS002 153 2 HA,

AT PCR § 44 Frf3Y IMS002 4 16S rDNA |
atpD. gyrB. recA, rpoB. trpB 3411 HiHk,
IR Z NCBI HilfA7 HXT . TEdH T RGE K E W
gt , FA 1A Borrelidin 7= A MRS FOAE B T4
JK {0, 5 B 14 (Sreptomyces griseus) . Sreptomyces
albovinaceus, 4li |1 4% 7 I (Streptomyces candidus) |
WUIMERE R . SN AR T (Sreptomyces californicus)
(LR e AR SRt B2 JEF 168 tDNA FiT S A
AN[RIZEH (atpD, gyrB, recA, rpoB, trpB)dREELL
X HT A R T R G K BRI (K 1), KB
& IMS002 5 77 — %% 1 (S. ambofaciens)/d & T
[l 23, RS 95%. HutFE, H52%0
CBEFETH . KOBETTH . S albovinaceus, 4fi 14
Bl . WUNEERETE . N BE R TR B RIS 0
68%. 68%. 36%. 30%. 93%. 46%. Kk,
1 IMS002 577 — E #5551 (S ambofaciens) 7£ i7F
b b —3, FBEIIZES BErc #iEm
Borrelidin " £ R BA R 2| —1 3 b

6|— Streptomyces ambofaciens™ (CP012382.1)

99

99

99

77 IMS002

3

99 Streptomyces parvulus™ (NZ CP015866.1)
94 Streptomyces coelicolor™ (NC_003888.3)

Streptomyces spongiicola® (CP029254.1)
Streptomyces lunaelactis™ (CP026304.1)
Streptomyces fulvissimus™ (CP005080.1)

Streptomyces avermitilis™ (BA000030.4)

Streptomyces albovinaceus™ (EF055150.1)

99 _|: Streptomyces californicus™ (JF424193.1)
99

Streptomyces candidus™ (KF433055.1)

Streptomyces griseus™ (CP032543.1)

99 ————— Streptomyces pluripotens™ (CP021080.1)

” 99

—
0.02

Streptomyces leeuwenhoekii™ (LN831790.1)

Streptomyces rochei* (NZ_MUMDO01000063.1)

E 1. ETF 16SrDNA 71 5 MR EIEE (atpD, gyrB, recA, rpoB, trpB)GRBKEXSMWENRGELEWN

Figure 1.

Phylogenetic NJ tree based on 16S rDNA sequence and five concatenated sequences (atpD, gyrB, recA,

rpoB and trpB). Numbers at note present bootstrap percentages; Bar 0.02 nucleotide divergence; GenBank

accession numbers are shown in parentheses.
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22 PEERE IMS002 i kT IESWE

I 4l - S A X A T IMS002 7E MS
IR EEER R 72 h R 22 . 015 S A
PSR S M AT T WS . AR
gER FA T R PUBERE T IMS002 M 44 A £
RARGEF(E 2-A), X 54K R EERZ
EIOEM MR G AR, 5006 hRA K
PR IZ R R A AR I B K IR, FRATTHEDN X Fh &
RARGEFAR AT R g K 8 1 I SRR . I Ah,
HEFE A IMS002 fiUFHE 2 HERIR, Rt A% ER
ERREEH (K 2-B). @i — P HORMES, KAl
RIS S AR, ] B 3R 1 A 0 A R Y
THMWAR (8 2-C), X JEAEH A 2 R T rh i

5.00 um B

Figure 2.
spore chains; C: spores.

2 HEEE IMS002 fAIRE AFE

Table 2. Physiological  and

characteristics of Sreptomyces sp. IMS002
Media

biochemical

Cultivation situation

Milk solidified No solidification

medium

Nitrate reduction Reduction

medium

Starch hydrolysis Growth and starch hydrolysis ability
medium are weak

Cellulose Cellulase production capacity is weak
hydrolysis medium

Gelatin liquid Liquidation

medium

Hydrogen sulfide
production medium

There is no blackening around the
colony, and the strain cannot produce
hydrogen sulfide

actamicro@im.ac.cn

2. HEBE IMS002 FAEHEERS
Morphology of Sreptomyces sp. IMS002 under scanning electron microscopy. A: aerial hyphae; B:

UL, B RTRATE TG AR FHR B 7 A ) HLAA
JE R SR
2.3 AT

PAE MS BRI BERET 5 d MEEEE
IMS002 $Z5 2NFh AR BEA (R S e BE g b, AR
WMRTERE SRR G ARG 00, AT 3] T ix bk
(1 A AR AR (3R 2)0 SRAS I SEIRZE R 5 K28
A A A AR AR — 2L
2.4 IMS002 & W= Wy 8 1 e A T

AN BTG MR SC I R, BERE T IMS002
RIE T d I IO A6 ) o B TR TS
Wk R OB A, RPN
P e A DA LA SR AR R 344 20 A (B 3).
<& e

B 3. #EE IMS002 LBK EEREZRYNINE
E TG
Figure 3. Antifungal activity of IMS002 fermentation
filtrate and its extracts. 1: methyl alcohol; 2: extracts
from aqueous phase; 3: 100x diluted methanol extract;
4: methanol extract; 5: fermentation filtrate. Fusarium

oxysporum was used as indicator.
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FATELE HPLC XA AR o I 4 47 Jo ik
SrEaifb(E 4-A), FFET T BRI, é%iﬁﬁ
IBER IR, 20-40 min Y4B ISR S HAT B B 1
TGS PE(& 4-B), M HPLC 45 0] 1L, %X B &
A 5D FEANEE 4-A)o FeATTHE— Xz Bl
e AL B, C. D, E W& I3ET T Bk,
FRUGHE IS PEIB AT, & B D W EA WA HLAE
BN I T 15 P (K 4-C), IS/ 40 TR 6 1 i o 32 2
SERTE D W, HRAE D U I T I Wz b B Ak
BB
25 TEHEYIREE

FATLARAIR T BN HE/R 7, #T HPLC Xf

B IMS002 K B2 P& D LGP AE S

BT T oy alife, AT TR B AR YIS TR Al
(B 5)o ARG RS R A, FATE Yy Kk
TSR RE R RE

W%, Xt 8.5 L KW 2R dtf T

(A)

JAHT 'ﬁé%ﬂxﬁz):'i‘ﬁ S1 RO W Y R = I
JyxtRR, dEat HPLC 40 #r DL S s alifl, 3645 1
45 mg [EHZF@EHE;': o

FATTXS BRAT 1Y 45 mg [T AR 2 5 FEA TR BT |
A2 TR U A e 1% 2 A7 DA S R — 3 43
CEORARIEE, SRILIT AR ISR
T, [a]25 D -29.0 (¢ 0.1, MeOH); HRESI-MS
m/'z 512.2989 [M+Na]" (i CosHysNNaOg, AHXS 73T
RN 512.2983); 'H NMR(acetone-d6): & 6.90 (d,

J=11.3 Hz), 6.60 (dd, J=14.8, 11.3 Hz), 6.38 (m,
H-4), 4.96 (dt, J=10.5, 3.3 Hz), 4.24 (d, J=9.7 Hz),
3.89 (dd, J=10.5, 3.3 Hz), 2.68 (m), 2.56 (m), 2.54
(m), 2.47 (m), 2.37 (m), 2.27 (dd, J=16.1, 10.1 Hz),
2.09 (br s), 2.07 (m), 2.00 (m), 1.94 (m), 1.88 (m),
1.84 (m), 1.80 (m), 1.78 (m), 1.74 (m), 1.72 (m),
1.65 (m), 1.45 (m), 1.24 (m), 1.09 (1H, m), 1.04 (d,
J=6.4 Hz), 0.99 (m), 0.95 (m), 0.84 (overlap), 0.83
(overlap),0.82 (overlap), 0.72 (t, J=10.9 Hz); “C
NMR (acetone-d6): 177.7 (COOH), 172.4 (C-18),

(B)

B 4. $EEHE IMS002 &ZE# =4 HPLC 7347 AR 43 B LA H RO N B S5 4G )
Figure 4. HPLC analysis of IMS002 fermentation extracts and bioactivity of different fractions from HPLC. A:
HPLC analysis of IMS002 fermentation extracts. The absorbance of fermentation extracts was detected under
210-280 nm. B: Antifungal activity of different fractions. 1: methanol extract; 2: 0—10 min fraction from HPLC; 3:
10-20 min fraction from HPLC; 4: 20—40 min fraction from HPLC; 5: fermentation products. C: Antifungal activity of
A-E in the 20-40 min fraction. 1: methanol extract; 2: A fraction; 3: B fraction; 4: C fraction; 5: D fraction; 6: E fraction.
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-254 nm, 4 nm

500

0.0 5.0 10.0 15.0

20.0 25.0 30.0 35.0 40.0
t/min

5 $RERIIEEMEY R AL
Figure 5. Purification of the bioactive compound against Fusarium oxysporum.

144.2 (C-6), 139.3 (C-4), 128.4 (C-5), 119.5 (CN),
117.9 (C-7), 76.7 (C-2), 72.5 (C-8), 71.3 (C-16),
49.1 (C-1), 49.0 (C-12), 46.6 (C-2), 44.2 (C-14),
39.0 (C-17), 38.4 (C-10), 36.5 (C-3), 36.4 (C-15),
35.5 (C-9), 31.9 (C-5), 30.1 (C-3), 28.0 (C-13), 27.2
(C-11), 25.9 (C-4), 20.8 (C-20), 18.7 (C-22), 18.3
(C-21), 153 (C-19)., ¥ LR R 5E MM
Borrelidin (45 HEA T LA, FRATTA S X HEA) o
J7 Borrelidin™', @it A F45 R LI, %S
YIRARKANTRRIIAEZR, HARLERIREH
T g4y, HEEHWE 6 Frs.

Bl 6. MRMBRIEBEME(Borrelidin) L F L1y
Figure 6.  Structural of the bioactive compound
(Borrelidin).

3 it

Borrlidin 256 & BT M 3R A 4 2515 31
B2 [ AE TS # (S, rochei), FfiJ5 78K (04 55 1A
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(S griseus) BS1325 . 4l (4 §% % (S candidus)
Y21007-2. S albovinaceus. f#/MEREF(S parvulus)
Tii4055 . N 5625 1% (S. californicus) . Sreptomyces
sp. C2989 &g 7y B4 2120 HRFRATT AL,
UL HIT W A A 7 B B R B O G R R A
Borrelidin ({423 . IMS002 )% P14 Borrelidin 1Y
T AR T H 2B H R R AR
B BT B2 50 4R, B —JREEA T
A PRI, BB KA N ERS A Y —12
TEmR . IBHEHR FEATIRK S S, LR
TSN B LA % 5 T8 U IR 7= — R BRI IR B
PERREYIAERNIR R, B TRIER 0405
B, AT IRRIEITR BRIk 2 Ak,
7R R B A RE T A MR R AL A . &
W RF LA, 454 NCBI RE A
7 R I RN A RS, RATE I
EEHWA LA ERERET e, B
W, RS (R R I AR L BOS R i R
S T RE S s R R R P AR R
IR BACH W, FFis HBIE ARG 2,
B pAl IMS002 T PR (4 88 SHOUR 25 A UL, FRATT R i
HERT R LA B 6 R TH A LR AR SR, X
TR AT HE 5 1% W PR BE 8 7 LR R R () R T K 22 1A
X, AT RE AR BT R M Y R R SRk A B R
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R ) e i i J LA AR 1 % 2 [ P R 4 i R
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Classification of Streptomyces sp. IMS002 and identification of
its antifungal metabolite
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Abstract: [Objective] We classified the antifungal strain Sreptomyces sp. IMS002 that was isolated from the
rhizosphere soil. We identified its bioactive compound in organic phase. [Methods] Through the concatenation
analysis of 16S rDNA sequence and 5 concatenated sequences (atpD, gyrB, recA, rpoB and trpB), and physiological
and biochemical detection, we classified Sreptomyces IMS002. Besides, we observed the hyphae and spore
morphology of sp. IMS002 by scanning electron microscope sp.. Using silica gel column chromatography, gel column
chromatography and HPLC, we isolated and purified the active compound against Fusarium oxysporum. Furthermore,
its chemical structure was determined by a liquid mass coupled high resolution mass spectrometer, a 500 MHz NMR
spectrometer, and a circular dichroism spectrometer. [Results] Streptomyces sp. IMS002 had a close relationship with
Sreptomyces ambofaciens, and its fermentation broth had good antifungal activity against Fusarium oxysporum. With
the separation and purification and modern spectrum identification, we identified this compound as Borrelidin.
[Conclusion] Sreptomyces sp. IMS002 produced Borrelidin that has bioactivity against Fusarium oxysporum.

Keywords: Sreptomyces ambofaciens, antifungal compound, purification, structural identification
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